The rwt-mean-squared (rms) envelope equations are derived and analyzed for an unbunched intense chargedparticle beam in an alternating-gradient focusing field and a cylindrical conducting pipe. All higherarder imagecharge effects from the cylindncal pipe are expressed in t e r n of so-called multiple moment factors in the rms beam envelope equations, and the multiple moment factors are evaluated. Numerical results show that for vacuum phase advance' up < 90, the image-charge effects on the matched and slightly mismatched beam envelopes are negligibly small, at all orders, for all beams with arbitrary beam density profiles (including hollow density profiles) as well as for arbitrary small apenures (including effects from the cylindrical conducting pipe [SI. We treat the density distribution using the self-similar model, though the normal-mode analysis (i.e., small-signal theory) was used to describe the density evolution in a charged-panicle beam for understanding the collective oscillations and instabilities in the beam. In panicular, the self-eleclric and self-magnetic fields are calculated for an unbunched beam with elliptic symmetry and an arbitrary 1ranSverSe dependence in the self-similar beam density model. The root-mean-squared (rms) envelope equations are derived, includmg all higherarder image-charge effects from the cylindrical conducting pipe. Useful numerical results on the beam envelope dynamics are presented.
INTRODUCTION
High-intensity accelerators with alternating-gradient focusing systems have many applications in basic scientific research and nuclear physics, In the research and development of high-intensity accelerators, a key issue is to minimize the aperture of the transport system for intense charge-particle beams, while preventing the beams from developing large-amplitude charge density and velocity fluctuations as well as subsequent emittance growth and halo formation. In order to understand the collective behavior of charged-particle beams, it is imporlant to examine the beam envelope evolution under the influence of both the beam space-charge and the image charges induced on the conducting walls of accelerator structws.
The earliest works on the beam envelope equations without image-charge effects can be found in Refs. [14] . These works are very irnporlant for understanding the beam envelope dynamics. Recently, Lee. Close and Smith [5] and Allen and Reiser [6, 7] extended Sacherer's 2-D results to include the image-charge effects due to the cylindrical conducting pipe. They analyzed the firsf-order image-charge effects.
In this paper, we extend the previous 2-D envelope equations (5.71 to include all higher-order image-charge Unlike the previous results [5 -7] , which include only the 1 = I contribution, the present envelope equations (I) and (2) are complete, including both the I = I contribution and all of the higher-order image-charge effects with 1 2 2 .
EVALUATION OF MULTIPLE MOMENT FACTORS
The multiple moment factor N , contains the information about the higher-order image-charge effects in the envelope equations (1) and (2). We can assess these effects by evaluating N , as a function of I . In particular, we consider the following parabolic density profile, -
IMAGE-CHARGE EFFECTS ON SLIGHTLY MISMATCHED BEAMS AND ENVELOPE INSTABILITIES
In a real device, it is almost impossible to obtain a precisely matched beam because there are some perturhations on the beam propagation. These perturbations may cause beam envelope instabilities, and the unstable beam envelopes may result in panicle heam losses. The heam envelope instability has already been investigated in free space 191. However, the image-charge effects of the cylindrical conducting pipe on the mismatched beams and the beam envelope instability have not been studied until the present paper. In this section, the envelope equations ( I ) and (2) are solved, assuming E, = E ? = E , for slightly mismatched beams to find the unstable regions in the parameter space. Fig. 4 . Although the lower boundaries for the three cases almost coincide, there is an observable difference between their upper boundaries. The unstable region for cylindrical pipe case (i.e., with image-charge effects) is obviously narrower than that in free space situation (i.e., without imagecharge effects).
